TITLE OF THE INVENTION 
BOOM STRUCTURE OF CONSTRUCTION MACHINE AND 
MANUFACTURING METHOD THEREOF 



BACKG R OUND OF THE INVENTION 
(FIELD OF THE INVENTION) 

This invention relates to a boom structure of a construction machine 
and a method for manufacturing the same. 

(DESCRIPTION OF THE RELATED ART) 

A boom and an arm as working attachment of a construction 
machine are required to obtain sufficient strength since only one side of 
them supports them. In a case that the attachment is mounted on a 
machine body in such a way that it projects in front of the machine body, in 
view of weight balance between the attachment and the machine body, it is 
important to reduce weight of the attachment, especially to reduce weight of 
the boom which is the heaviest among working attachments. 

An upper plate, a lower plate, and two side plates which form four 
sides of the boom constitute the boom. In a cross-section of the boom, 
welding ends of the plates one another forms four corners. 

On excavating, a bending moment is given to the boom, whereby a 
bending deformation arises in a direction of make the boom extend a 
bending portion of the boom straightforward. In the welding ends at the 
corners, a high stress works on in a direction orthogonal to a welding line 
extending in a longitudinal direction of the boom. In this case, strength of a 
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welded portion there becomes much less than that of a base metal. 
Accordingly, since, on repeated excavations, repeated stress works on the 
boom, it leads to a problem that fatigue duration of the welding portion 
limits a total duration of the boom. It is necessary to ensure sufficient 
fatigue duration of the welding portion in the corners even if the base metal 
has the duration to spare. In this regard, measures for thickening boom- 
constituting plates for reinforcement or using partition walls such as a 
stiffener had to be taken. However, it results in an increase of a total weight 
of the boom. 

As a boom in Japanese Patent Application Laid-open publication No. 
Hei 11-200397 needs large reinforcing plates, it is difficult to successfully 
combine a weight saving with an increase in strength. As a boom in 
Japanese Utility Model Application Laid-open publication No. Hei 4-57542 
is formed by welding a front block to a rear block wherein a welded joint 
portion of two blocks form a bending portion with a shape of f W , it is not 
sufficient in a strength of the joint portion. 

SUMMARY OF THE INVENTION 
The present invention has an object to provide a boom structure of a 
construction machine capable of improving the fatigue strength of the boom 
and attain a reduction of its weight, and a method for manufacturing the 
same. 

A basic technical concept of the present invention resides in a boom 
structure having a curvilinear portion in a longitudinal direction thereof 
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wherein welded portions are located at positions away from corners of a 
generally rectangular section in the curvilinear portion to prevent the 
welded portions from limiting the life of the entire boom and which has a 
weight reducing and reinforcing function. 

A boom structure of a construction machine of the present invention 
comprising a boom having a curvilinear portion which bends in a 
longitudinal direction of the boom. In the boom structure, a tubular member 
which forms one or more of corners of a generally rectangular cross-section 
in the curvilinear portion, wherein the tubular member has a closed cross- 
section. With regard to the cross-section (hereinafter referred to as section) 
in the curvilinear portion, a generally rectangular section is permissible 
while, namely, it is not limited to a rectangular section exactly. 

According to the present invention, in the curvilinear portion 
wherein a fatigue strength of corners in the generally rectangular section 
comes into question, there is used the tubular member having a closed 
section to form the corners, so that welded portions can be positioned away 
from the corners and it is possible to ensure a required strength of base 
metal of the boom at the corners where a high stress is developed. 
Consequently, it is possible to improve the fatigue strength of the corners. 
Moreover, an outline portion of the tubular member not constituting 
outline of the section is positioned inside the section, thus functioning as a 
reinforcing member. As a result, it is possible to attain more reduction of its 
weight in comparison with thickening boom-constituting plates for 
reinforcement or using partition walls. 
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Another boom structure of a construction machine of the present 
invention is permissible as follows. Namely, it comprises a boom having a 
hollow section. The boom has a curvilinear portion which bends in a 
longitudinal direction of the boom and being formed by welding of plural 
boom members. Corners of a generally rectangular section in the curvilinear 
portion are formed by bent portions of the boom members. Additionally, a 
reinforcing member is fixed to each of the boom members so as to form a 
closed section conjointly with one or more of the corners of the generally 
rectangular section. 

In this case, since welded portions such as welded boom members 
can be positioned away from the corners, it is also possible to improve the 
fatigue strength of the boom and attain the reduction of its weight. 

BRIEF DESCRIPTION OF THE DRAWING S 

Figs. 1A and IB disclose a boom structure according to a first 
embodiment of the present invention, Fig. 1A is a side view of the same, and 
Fig. IB is a schematic sectional view in a part of A- A of Fig.lA as seen in a 
direction of arrows; 

Figs. 2A-2E are views disclosing a method of manufacturing the 
boom structure of the first embodiment; 

Figs. 3A-3G are views disclosing a section of each boom structure in 
modifications of the first embodiment; 

Figs. 4A and 4B are views disclosing modifications of the first 
embodiment related to positions of tubular members disposed in the 
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longitudinal direction of the boom; 

Fig. 5 is a side view of a construction machine provided with the 
boom structure having a generally rectangular section; 

Figs. 6A and 6B disclose a boom structure according to a second 
embodiment of the present invention, Fig. 6Ais a side view of the same, and 
Fig.6B is a schematic sectional view in a part of B-B of Fig.6A as seen in a 
direction of arrows; 

Figs. 7A-7D are views disclosing a section of each boom structure in 
modifications of the second embodiment; 

Figs. 8A-8D are views disclosing a section of each boom structure in 
another modifications of the second embodiment; 

Figs. 9A-9C are views disclosing a section of each boom structure in 
further another modifications of the second embodiment; 

Figs. 10A and 10B are views disclosing modifications of the second 
embodiment related to arranged positions of reinforcing members in the 
longitudinal direction of the boom; 

Figs. 11A and 11B disclose a boom structure according to a third 
embodiment of the present invention, Fig. 11A is a side view of the same, 
and Fig. 11B is a schematic sectional view in a part of C-C of Fig. 11A as seen 
in a direction of arrows; and 

Figs. 12A-12D are section views of each boom structure in 
modifications of the third embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Boom structures according to a first to a third embodiment of the 
present invention will be described hereinunder with reference to the 
accompanying drawings. It is to be understood that the following 
embodiments are for explanation and the present invention is not limited 
thereto. 

[First Embodiment] 

Figs. 1A and IB illustrate a boom structure 1 according to a first 
embodiment of the present invention, of which Fig. lAis a side view thereof 
and Fig. IB is a schematic sectional view as seen in the arrowed direction A- 
A in Fig. 1A. The boom structure 1 is used in a boom 103 of a hydraulic 
excavator 100 shown in Fig. 5 which is a kind of a construction machine. 

In the hydraulic excavator 100, an upper rotating body 102 is mounted 
rotatably on a lower travel body 101. Attachments such as boom 103, arm 
104, and bucket 105 attached to the upper rotating body 102 are operated to 
perform an excavating work, etc. The boom 103, arm 104, and bucket 105 
are driven by boom cylinders 106, an arm cylinder 107, and a bucket 
cylinder 108, respectively. 

As shown in Fig. 1A, the boom structure 1 is provided in its 
longitudinal direction with a first straight portion 2a, a curvilinear portion 
2b contiguous to the first straight portion 2a, and a second straight portion 
2c contiguous to the curvilinear portion 2b, and is elbowed or formed in a 
shape of c<v "x" The boom structure 1 has a generally rectangular section. 

An arm connector 3 for supporting an arm (not shown) (e.g., arm 104 
in Fig. 5) rotatably is attached to a front end of the first straight portion 2a. 
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That is, the first straight portion 2a is positioned on the front end side to 
which the arm is attached. On an upper side (the " ^ " shaped 
protruding side) of the curvilinear portion 2b, there is provided. a bracket 4 
for the mounting of an arm cylinder (not shown) (e.g., arm cylinder 107 in 
Fig. 5). On both side faces of the curvilinear portion 2b are provided boss 
portions 5 to which are pivotedly mounted front ends of boom cylinders (not 
shown) (e.g., boom cylinders 106 in Fig. 5). At an end of the second straight 
portion 2c is provided a body connector 6 which is pivotedly connected to a 
construction machine body (not shown) (e.g., upper rotating body 102 in Fig. 
5). That is, the second straight portion 2c is positioned on the side where it 
is supported by the construction machine body. 

A section (A-A section) of the straight portion 2b has a generally 
rectangular section (hereinafter also referred to simply as "section" ), as 
shown in Fig. IB. Four upper and lower corners 8a~8d (hereinafter also 
referred to as "corners 8" ) of this section are formed using pipes 9a and 
9b as tubular member having a closed section. More specifically, one pipe 
9a is disposed at an upper position of this section and one pipe 9b is 
disposed at a lower position of the same section, (each pipe will be referred 
to hereinafter also as "pipe 9" ). An outline of each pipe 9 partially 
defines two corners (corners 8a and 8b, or corners 8c and 8d). 

The pipes 9 which form the corners 8 are disposed up and down of this 
section throughout all of the first straight portion 2a, curvilinear portion 2b 
and second straight portion 2c (see Fig. 1A). The pipes 9 are formed with 
flat portions 10 (10a~d) and 11 (lla~d) extending in the longitudinal 
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direction of the boom. More specifically, the pipe 9a is formed with an 
upper surface 10a, side faces 10b and 10c, and a lower surface lOd. 
Likewise, the pipe 9b is formed with an upper surface 11a, side faces lib 
and 11c, and a lower surface lid. The upper surface 10a, side faces 10b, 
10c, lib, 11c, and the lower surface lid, which constitute a part of the 
outline of the pipes 9, also serve as a part of the section. 

A part of the outline of the generally rectangular section can be 
constituted by the flat portions of the pipes and a boom structure of such a 
section can be manufactured easily by using the pipe portions located at the 
corners. In case of forming the section by bonding the pipes with other 
members, the other portions may be connected to the flat portions. In this 
case, the connection can be done easily. 

As the pipes there are used seamless steel pipes or deformed pipes 
obtained by deforming electroseamed steel pipes. In this case, pipes having 
a closed section can be disposed easily at the corners of the generally 
rectangular section. 

This section is formed by external portions (10a~c and llb~d) of the 
pipes 9 and members 12 welded to the pipes 9. The members 12 as welded 
member are each formed in the shape of a flat plate extending in the 
longitudinal direction of the boom. That is, each member 12 has a flat 
plate portion 12a or 12b extending longitudinally of the boom. Ends 
12c~ 12f of the flat plate portions 12a and 12b which ends extend 
longitudinally of the boom are welded so as to overlap bent portions 13 other 
than the corners 8 in the external portions of the pipes 9 which extend 
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substantially along the external form of the section. In the bent portions 
13 are formed stepped portions 13a to 13d which are depressed inwards of 
the pipes 9. Ends 12c~f of the flat plate portions 12a and 12b are welded to 
the stepped portions 13a~d. 

According to the boom structure 1, the pipes 9 having a closed section 
are used at the corners in the curvilinear portion 2b in which the fatigue 
strength of the corners 8 in the generally rectangular section comes into 
question. Therefore, the welded portions can be disposed at positions 
spaced away from the corners 8. That is, the bent portions 13 spaced away 
from the corners 8 and the ends (12c~f) of the flat plate portions 12 can be 
mutually welded, whereby the strength required of the base metal can be 
ensured at the corners 8 which undergo a high stress. Therefore, the 
fatigue strength of the boom can be improved without being limited by that 
of the corners 8. In the outline or the external portions of the pipes 9, the 
portions not constituting the external form of the section, i.e., the lower 
surface lOd of the pipe 9a and the upper surface 11a of the pipe 9b, are 
positioned inside the section. Accordingly, the surfaces lOd and 11a 
function as reinforcing members, making it possible to prevent deformation 
of the section. According to the boom structure 1, the fatigue strength of 
the corners 8 is improved, so by using a thin-walled pipe material it is 
possible to make the total weight of the boom structure lighter than in the 
prior art and ensure a fatigue strength equal to or higher than in the prior 
art. Thus, in comparison with thickening the boom-constituting plates for 
reinforcement or using partition walls or the like, it is possible to attain the 
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reduction in weight of the boom. 

Next, with reference to Figs. 2A to 2E, the following description is now 
provided about a method for fabricating the boom structure 1. Fig. 2A is a 
sectional view of a circular pipe 14 such as a seamless steep pipe or an 
electroseamed steel pipe, which is a constituent of each pipe 9. The 
circular pipe 14 is deformed into a deformed pipe by passing it among profile 
rolls. Fig. 2B shows a positional relation between a pipe section and profile 
rolls 15 (15a~d) in the course of passing the circular pipe 14 among the 
profile rolls 15 to form a deformed pipe 9 (corresponding to each pipe 9 in 
Fig. IB). To be more specific, rolls 15a to 15d each having a rotary shaft 
indicated with a dot-dash line in the figure are arranged on four sides, 
constituting profile rolls 15. The rolls (15a~d) constitute one roll set, 
which set is arranged in plural stands (plural sets) in series 
(perpendicularly to the paper surface). While being pass successively 
among the plural stands of profile rolls 15, the circular pipe 14 is deformed 
little by little into the deformed pipe 9. In this way, there is obtained such 
a deformed pipe 9 (pipe 9a or 9b) as shown in Fig. 2C. By forming a 
concave in a roll barrel, like the roll 15d, it is possible to form bent portions 
(stepped portions I3a~d). 

As examples of methods for forming the deformed pipe 9 from the 
circular pipe 14 there are mentioned ext-rolling (extrolling) method, roll 
forming method, and draw bench method. In the ext-rolling method, the 
circular pipe is deformed while being pushed in between profile rolls. In 
the roll forming method, the circular pipe is deformed with a downstream 
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stand of profile rolls while being sent out with an upstream stand of profile 
rolls. In the draw bench method, a mouth portion is formed at a front end 
of the circular pipe and drawing is carried out between profile rolls while 
pulling the mouth portion. In forming the deformed pipe 9 from the 
circular pipe 14 in accordance with any of those methods, the angle in the 
passing direction of the circular pipe 14 (deformed pipe 9) is changed to form 
a curvilinear portion partially in the longitudinal direction of the deformed 
pipe. In forming the deformed pipe 9, a core may be inserted into the 
circular pipe 14 (deformed pipe 9) to effect the forming work more precisely 
by both profile rolls (dies) and the core (plug). 

Once such deformed pipe 9 as shown in Fig. 2C is obtained, pipes 9a 
and 9b as the pipe 9 are disposed up and down, respectively, as shown in Fig. 
2D. Next, members 12 having flat plate portions (12a, 12b) are disposed at 
both side positions, followed by welding (joining in the directions indicated 
with arrows in the figure) to form a generally rectangular section. That is, 
ends 12c~f are welded to stepped portions 13a~d. At this time, the 
deformed pipes 9 are each disposed such that the curvilinear portion formed 
in the longitudinal direction thereof is positioned in at least one of the upper 
and lower corners in the section (in the boom structure 1 there are arranged 
pipes 9 at both upper and lower corners 8). As a result there is formed the 
boom structure 1 having such a generally rectangular section as shown in 
Fig. 2E and comprising, in the longitudinal direction thereof, a first straight 
portion 2a, a curvilinear portion 2b contiguous to the first straight portion 
2a, and a second straight portion 2c contiguous to the curvilinear portion 2b, 
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as shown in Fig. 1A. An arm is attached to the first straight portion 2a. 
The curvilinear portion 2b includes the curvilinear portion as bent portion of 
the deformed pipe 9. The second straight portion 2c is supported on the 
construction machine body side. Therefore, as shown in Fig. 2E, the 
welded portions 16a~d can be arranged at positions away from the corners 8 
(8a~d). Thus, in this boom structure 1, a required strength of the base 
metal can be ensured at the corners 8 which undergoes a high stress. 

Next, a description will be given below about modifications of the 
first embodiment. 

Figs. 3A to 3G each illustrate a section (corresponding to the section as 
seen in the arrowed direction A-A in Fig. 1A) in a curvilinear portion of a 
boom structure. A generally rectangular section is formed by a part of an 
external pipe portion and members welded to the pipe. This section can 
take various shapes as illustrated in Figs. 3A to 3G. 

In a boom structure 21 shown in Fig. 3A, a section is formed by two 
pipes 31 and 32 each having a rectangular section and two flat plate 
members 33 and 34 (flat plate portions 33 and 34). Ends (33a, 33b, 34a, 
34b) of the flat plate members 33 and 34 are welded so as to overlap bent 
portions (31a, 31b, 32a, 32b) which are different from corners 35a~d of 
sections of the pipes 31 and 32. In a boom structure 22 shown in Fig. 3B, a 
pipe 36 having a rectangular section is disposed on an upper side of a 
generally rectangular section and a member 37 having a -shaped or 

horseshoe or U-shaped section is welded thereto to form the generally 
rectangular section. That is, upper corners 38a and 38b in this section are 



12 



formed by the pipe 36. On the other hand, lower corners 38c and 38d are 
formed by the member 37. Ends 37c and 37d of flat plate portions 37a and 
37b which form both side faces of the member 37 are welded so as to overlap 
bent portions 36a and 36b which are different from the corners 38a and 38b 
in the generally rectangular section of the pipe 36. 

In a boom structure 23 shown in Fig. 3C, pipes 39 (39a to 39d) each 
having a triangular section are disposed at four corners respectively of a 
section of the boom structure. The pipes 39 and flat plate members 41 
(41a~d) are welded together to form a generally rectangular section. 
Corners 40a~d are formed by the pipes 39. Bent portions 42a~h different 
from the corners 40a~d of the pipes 39 are welded so as to overlap ends 
43a~h of the flat plate members 41. By thus disposing the pipes 39 at the 
four corners respectively of the section, it is possible to ensure a required 
strength of the base metal at the corners 40a~d. Besides, the corners 
40a~d can be reinforced by the portions of the pipe 39 which portions do not 
constitute the external form of the generally rectangular section. 

In boom structures 24 and 25 shown in Figs. 3D and 3E, like the boom 
structures 1, 21 and 22, each of them is made up of two pipes 44 or 47 
disposed up and down and two flat plate members 45 or 48 which constitute 
both side faces of a generally rectangular section. External portions of the 
pipes 44 or 47 which portions are positioned inside the generally 
rectangular section are formed with recesses 46 or 49 which are depressed 
inwards of the pipes 44 or 47. This corresponds, in Fig. IB, to the pipes 9a 
and 9b plus recesses formed respectively in the lower surface lOd of the pipe 
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9a and the upper surface 11a of the pipe 9b, the recesses being depressed 
inwards of the pipes 9a and 9b. The recesses 46 and 49 are formed in the 
shapes of an arch and a trapezoid, respectively. The recesses 46 or 49 can 
also improve the strength against bending in the width direction of the 
boom structure and the strength in a torsional direction of the boom 
structure. 

A boom structure 26 shown in Fig. 3F corresponds to a modification of 
the boom structure shown in Fig. 3C, in which the bent portions 42a~h are 
formed with stepped portions respectively and ends 43a~h are welded to the 
stepped portions. By forming such stepped portions, it is possible to 
improve the weldability even in the boom structure having pipes at four 
corners respectively of its section. Ends of the flat plate members which 
constitute a generally rectangular section can be welded fittingly to the 
stepped portions which are depressed inwards of the pipes, so that the 
welding can be done easily. Besides, since it is possible to carry out the 
welding stably, it is easy to ensure a sufficient bonding strength of the 
welded portions. 

A boom structure 27 shown in Fig. 3G corresponds to a modification of 
the boom structure shown in Fig. 3A, in which the corners 35a~d are formed 
with slant portions. Thus, the sectional shape is not always limited to one 
having right-angled corners, but there also may be adopted such a shape as 
the corners being formed with slant or round portions. 

Referring now to Figs. 4A and 4B, there are illustrated modifications 
related to pipe positions disposed in the longitudinal direction of the boom. 



14 



In each of boom structures 28 and 29 which are shown in side views in 
Figs. 4A and 4B, respectively, pipes 51 (51a, 51b) or 52 (52a, 52b) are 
disposed up and down of a generally rectangular section. Portions common 
to Figs. 1A and IB are denoted by the same reference numerals. 

In the boom structure 28 shown in Fig. 4A, a pipe 51a disposed on the 
upper side of the section extends over an area from a curvilinear portion 2b 
to a second straight portion 2c. On the other hand, a pipe 51b disposed on 
the lower side of the section extends from the curvilinear portion 2b to a 
first straight portion 2a. An arm cylinder for actuating an arm is disposed 
above the generally rectangular section at a position between the 
curvilinear portion 2b and the arm mounted on a front end side of the boom, 
while boom cylinders for actuating the boom are disposed below the 
generally rectangular section at a position between the curvilinear portion 
2b and the construction machine body on the boom support side (see Fig. 5). 
According to this arrangement, when a load is imposed on the boom, high 
stresses are apt to occur respectively on the upper side of the section in the 
area from the curvilinear portion 2b to the second straight portion 2c and on 
the lower side of the section in the area from the curvilinear portion 2b to 
the first straight portion 2a. In the boom structure 28, therefore, the pipes 
51 can be disposed efficiently at the portions where high stresses are 
developed. Besides, it is possible to reduce the weight of the boom. 

In the boom structure 29 shown in Fig. 4B, the upper and lower pipes 
52a and 52b in the section are both disposed in only the curvilinear portion 
2b. By thus disposing the pipes 52 in the curvilinear portion 2b where the 
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highest stress is developed, it is possible to improve the fatigue strength of 
the boom and reduce the weight thereof. 

[Second Embodiment] 

Reference will now be made to a boom structure 60 according to a 
second embodiment of the present invention. Fig. 6A is a side view of the 
boom structure 60 and Fig. 6B schematically illustrates a section thereof as 
seen in the arrowed direction B-B. As to portions overlapping the first 
embodiment in explanation, explanations thereof will be omitted accordingly. 

The boom structure 60, which is generally rectangular in section (see 
Fig. 6B), has a first straight portion 61a, a curvilinear portion 61b and a 
second straight portion 61c in its longitudinal direction and is formed in the 
shape of The boom structure 60 is further provided with an arm 

connector 63, a bracket 64, a boss portion 65 and a body connector 66. 

Members 67 (67a~d) are arranged so as to give a generally rectangular 
section (as seen in the arrowed direction B-B). As members (corresponding 
to all of the members 67 in the boom structure 60) which form four upper 
and lower corners 68 (68a~d) of the section, there are used L-shaped 
members 67 (67a~d) having a generally L-shaped section. The members 
67a~d are welded together by butt welding to form the section. That is, the 
corners 68 are formed by bent portions of the L-shaped members 67. Ends 
of the L-shaped members 67 which extend in the longitudinal direction of 
the boom are welded together by butt welding to form welded portions 69 
(69a~d). 

As shown in Fig. 6B, flat plate-like reinforcing members 70 (70a~d) are 
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disposed inside the section. The reinforcing members 70 are bridgewise 
mounted so as to form closed sections conjointly with the corners 68. That 
is, the reinforcing members 70 are provided in an opposed relation to the 
corners 68 and both ends of each reinforcing member 70 extending in the 
longitudinal direction of the boom are welded to the inside of the section. 
As indicated with dotted lines in Fig. 6A, the reinforcing members 70 are 
arranged up and down of the generally rectangular section throughout all of 
the first straight portion 61a, curvilinear portion 61b and second straight 
portion 61c in the longitudinal direction of the boom. In at least the 
curvilinear portion 61b in the longitudinal direction of the boom, the 
reinforcing members 70 are bridgewise mounted so as to form closed 
sections conjointly with the corners 68 located at least one of upper and 
lower sides of the section. 

In this structure, the four corners are formed by the bent portions of 
the members arranged therein, so that the butt- welded portions of the 
members which constitute the section can be positioned away from the 
corners, whereby it is possible to ensure a required strength of the base 
metal at the corners which undergo a high stress. Further, in the 
curvilinear portion where fatigue strength comes into question, there are 
arranged reinforcing members so as to form closed sections in at least one of 
the upper and lower corners of the section. Therefore, it is possible to 
increase the second moment of area of the boom structure 60 and improve 
the fatigue strength. The fatigue strength of the corners 68 is thus 
improved, so, by using the L-shaped members 67 which are thin-walled, it is 
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possible to make the total weight of the boom member lighter than in the 
prior art and ensure a fatigue strength equal to or higher than that in the 
prior art. That is, in comparison with thickening the boom-constituting 
plates for reinforcement or using partition walls or the like, it is possible to 
ensure a sufficient fatigue strength with less material and attain the 
reduction of weight. 

Description is now directed to modifications of the second embodiment. 
The following modifications (Figs. 7A~9C) are each illustrated by a section 
(corresponding to the section as seen in the arrowed direction B-B in Fig. 
6A) in a curvilinear portion of a boom structure. As in the boom structure 
60, a reinforcing member is bridgewise mounted so as to form a closed 
section conjointly with a corner in a generally rectangular section. 

In each of the modifications illustrated in Figs. 7A to 7D, each corner 
of a generally rectangular section is formed using an L-shaped member as 
one of boom members. In a boom structure 71 shown in Fig. 7A, the section 
is formed by four L-shaped members 72 (72a~d). Since each corner is 
formed by a bent portion of an L-shaped member, butt-welded portions of 
the L-shaped member can be positioned away from the corner and hence a 
required strength of the base metal can be ensured at each corner which 
undergoes a high stress. 

At only positions opposed to upper corners 73a and 73b out of corners 
73 (73a~d), there are bridgewise mounted reinforcing members 74 (74a, b) to 
form closed sections conjointly with the upper corners. Thus, particularly 
when the strength of the upper corners in the section comes into question, 
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reinforcing members may be disposed preferentially at positions close to the 
upper corners. By thus arranging reinforcing members efficiently, it is 
possible to attain both improvement of fatigue strength and reduction of 
weight at a time. 

In each of boom structures 75 and 76 shown in Figs. 7B and 7C, 
reinforcing members 79 (79a~d) or 80 (80a~d) are disposed in an opposed 
relation to four corners of a generally rectangular section which is formed by 
L-shaped members 77 (77a~d) or 78 (78a~d). In the boom structure 75, 
there are used reinforcing members 79 each having an arcuate section. In 
the boom structure 76, there are used reinforcing members 80 each having 
stepped portions formed at both ends thereof extending longitudinally of the 
boom. 

In a boom 81 shown in Fig. 7D, there are used L-shaped members 83 
(83a~d) as members which form corners 82 (82a~d), and, at positions 
opposed to the corners 82, there are bridgewise mounted flat plate-like 
reinforcing members 84 (84a~d). Between the L-shaped members 83 
(between 83a and 83c and also between 83b and 83d), there are disposed 
side plates 85 (85a, b) which are thinner than the members 83. As both 
side plates not requiring so high fatigue strength as the corners 82, there 
are used thinner side plates than the corner members, whereby it is possible 
to attain the reduction of weight. 

In each of modifications shown in Figs. 8A to 8D, members having a 
generally ^-shaped section are used as corner-forming members out of 
plural members which define a generally rectangular section. In a boom 
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structure 86 shown in Fig. 8A, the section is formed by butt welding of ^ - 
shaped members 87 (87a, b). At positions opposed to corners 89 (89a~d), 
there are bridgewise mounted reinforcing members 88 (88a~d) so as to form 
closed sections conjointly with the corners 89. 

In each of boom structures 90 and 91 shown in Figs. 8B and 8C, a 
generally rectangular section is formed by butt welding of ^ -shaped 
members 92 (92a, b) or 93 (93a, b). Since corners of the generally 
rectangular section are formed by bent portions of the ^-shaped members, 
the butt-welded portions of the same members can be located at positions 
away from the corners, so that a required strength of the base metal can be 
ensured at corners which undergo a high stress. 

In the boom structure 90, corner reinforcing members 94 (94a, b) for 
reinforcing the corners are disposed at only positions opposed to upper 
corners. In the boom structure 91, reinforcing members 95 (95a~d) having 
an arcuate section are used as members for reinforcing four corners. As in 
the boom structure 76 shown in Fig. 7C, there may be used reinforcing 
members having stepped portions. 

In a boom structure 96 shown in Fig. 8D, ^-shaped members 97 (97a, 
b) are arranged at upper and lower positions, respectively, of a section of the 
boom structure. Reinforcing members 98 (98a~d) are bridgewise mounted 
at positions opposed to corners of the section. Between the members 97 (^ 
-shaped members 97a and 97b), there are disposed side plates 99 (99a, 99b) 
which are thinner than the members 96. 

In each of modifications shown in Figs. 9A to 9C, reinforcing members 
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which are bridgewise mounted so as to form closed sections together with 
corners of a generally rectangular section are disposed outside the section. 
In a boom structure 120 shown in Fig. 9A, the illustrated section is 
constituted by four L-shaped sections 121 (I21a~d) having a generally L- 
shaped section. Bent portions which form four corners 122 (122a~d) are 
bent in two steps to form slant portions. Reinforcing members 123 
(123a~d) having an L-shaped section are bridgewise mounted outside the 
section so as to form closed sections together with the corners 122. 

In a boom structure 124 shown in Fig. 9B, corners of a generally 
rectangular section are formed by L-shaped members 125 (125a~d) each 
having a slant portion as in the boom structure 120. Reinforcing members 
126 (126a~d) having an L-shaped section are disposed outside the corners. 
Between the members 125 (between the L-shaped members 125a and 125c 
and also between the L-shaped members 125b and 125d), there are disposed 
side plates 127 (127a, b) which are thinner than the members 125. In a 
boom structure 128 shown in Fig. 9C, on an upper side of its section, there 
are disposed, like the boom structure 120, L-shaped members 129 (129a, b) 
each having a slant portion and reinforcing members 130 (130a, b) of an L- 
shaped section positioned outside with respect to corners formed by the 
members 129. On the lower side of the section, there is disposed a ^- 
shaped member 131 having a ^-shaped section. Since the corners are 
reinforced from the outside, it is possible to increase the second (or 
secondary) moment of area and improve the fatigue strength. 

Next, modifications related to installed positions of reinforcing 
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members in the boom longitudinal direction are illustrated in Figs. 10A and 
10B. Boom structures 132 and 133 whose side faces are shown in both 
figures are each provided with reinforcing members 134 (134a, b) or 135 
(135a, b) on upper and lower sides of a generally rectangular section. 
Portions common to the boom structure 60 shown in Fig. 6 are denoted by 
the same reference numerals. 

In the boom structure 132 shown in Fig. 10A, a reinforcing member 
134a disposed on the upper side of a generally rectangular section extends 
from a curvilinear portion 61b to a second straight portion 61c. On the 
other hand, a reinforcing member 134b disposed on the lower side of the 
same section extends from the curvilinear portion 61b to a first straight 
portion 61a. In this case, as explained in the first embodiment, the 
reinforcing members 134 can be disposed efficiently at the portions where a 
high stress is developed. In the boom structure 133 shown in Fig. 10B, 
upper and lower reinforcing members 135a and 135b in a generally 
rectangular section are disposed in only a curvilinear portion 61b. By 
disposing the reinforcing members 135 in the curvilinear portion 61b where 
a highest stress is induced, it is possible to attain both improvement in 
fatigue strength and reduction in weight of the boom. 

[Third Embodiment] 

Next, a description will be given of a boom structure 136 according to a 
third embodiment of the present invention. Fig. 11 A is a side view of the 
boom structure 136 and Fig. 1 IB is a sectional view thereof as seen in the 
arrowed direction C-C in Fig. 11 A. As to portions overlapping the first and 
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second embodiments in explanation, explanations thereof will be omitted 
accordingly. 

The boom structure 136, which has a generally rectangular section (see 
Fig. 11B), comprises a first straight portion 137a, a curvilinear portion 137b 
and a second straight portion 137c in its longitudinal direction and is 
formed in the shape of w ^. 5> The boom structure 136 is further provided 
with an arm connector 138, a bracket 139, a boss portion 140, and a body 
connector 141. 

The generally rectangular section (as seen in the arrowed direction C- 
C in Fig. 11A) is formed by members 142 (142a, b) and 143 (143a, b), as 
shown in Fig. 11B. Out of the members 142 and 143, as to members which 
form corners 144 (144a~d) of the section, there are used ^ -shaped members 
having a generally ^ -shaped section. Between the members 142 ( - 
shaped members 142a and 142b) are disposed side plates 143 (members 
143) which are thinner than the members 142. These members (142, 143) 
are butt-welded to form the section. The corners 144 are formed by bent 
portions of the -shaped members. 

As shown in Fig. 11B, flat plate-like reinforcing members 145 (145a, b) 
are disposed at inside positions of the section. Each reinforcing member 
145 is bridgewise mounted so as to form a closed section conjointly with two 
corners (144a and 144b, or 144c and 144d) in this section. More specifically, 
reinforcing members 145a and 145b are bridgewise mounted substantially 
in parallel with an upper surface 146a and a lower surface 146b in the 
section, and both ends of each of the reinforcing members 145 extending in 
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the longitudinal direction of the boom are welded to the inside of the section. 
As indicated with dotted lines in Fig. 11 A, the reinforcing members 145 are 
disposed respectively on the upper and lower sides of the section throughout 
all of the first straight portion 137a, curvilinear portion 137b and second 
straight portion 137c in the longitudinal direction of the boom. In at least 
the curvilinear portion 137b, is provided a reinforcing member 145 so as to 
form a closed section conjointly with at least one of upper and lower corners 
144 in the section. 

According to the boom structure 136, like the boom structure of the 
second embodiment, a required strength of the base metal can be ensured at 
the corners which undergo a high stress, and in the curvilinear portion is 
disposed a reinforcing member so as to form a closed section for at least one 
of upper and lower corners in the generally rectangular section. 
Consequently, it is possible to increase the second moment of area of the 
boom structure 136 and improve the fatigue strength. Besides, with the 
reinforcing members bridgewise mounted opposedly to the upper and lower 
surfaces in the section, it is possible to efficiently suppress an inwardly 
defecting sectional deformation of both side plates in an excavating work 
and improve the fatigue strength. The fatigue strength of the corners 144 
is thus improved, so, by using the members 142 and 143 which are thin- 
walled, it is possible to make the total weight of the boom member lighter 
than in the prior art and ensure a fatigue strength equal to or higher than 
that in the prior art. That is, as compared with thickening the boom- 
constituting plates or using partition walls, it is possible to ensure a 
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sufficient fatigue strength with less material and attain the reduction of 
weight. 

Modifications of the third embodiment will now be described. 
Modifications shown in Figs. 12A to 12D are each represented by a section 
(corresponding to the section as seen in the arrowed direction C-C in Fig. 
11 A) in a curvilinear portion of a boom structure. As in the boom structure 
136, a reinforcing member is bridgewise mounted so as to form a closed 
section conjointly with two corners. 

In a boom structure 146 shown in Fig. 12A, a generally rectangular 
section is formed by -shaped members 147 (147a, b) and side plates 148 
(148a, b). On only the upper side of this section there bridgewise is 
mounted a reinforcing member 150 so as to form a closed section together 
with two corners (149a, 149b). 

In a boom structure 151 shown in Fig. 12B, a generally rectangular 
section is formed by ^-shaped members 152 (152a, b) and side plates 153 
(153a, b). Reinforcing members 154 (154a, b) each forming a closed section 
conjointly with two corners are bridgewise mounted at upper and lower 
positions, respectively, in the section. Both ends of each reinforcing 
member 154 extending in the longitudinal direction of the boom are formed 
with bent portions 155, whereby it is possible to increase the second moment 
of area of the reinforcing members 154 and improve the fatigue strength of 
the boom. 

In a boom structure 156 shown in Fig. 12C, L-shaped members 158 
(158a~d) having an L-shaped section are used as members for forming 
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corners 157 (157a~d). More specifically, bent portions of the members 158 
form the corners 157, and flat plate-like reinforcing members 159 (159a, b) 
are each mounted bridgewise between two L-shaped members (158a and 
158b, or 158c and 158d). 

In a boom structure shown in Fig. 12D, a generally rectangular section 
is formed by ^-shaped members 161 (161a, b) and side plates 162 (162a, b), 
and a reinforcing member 163 is bridgewise mounted between both side 
plates (162a and 162b). Also with the reinforcing plate 163, it is possible to 
increase the second moment of area of the boom structure and improve the 
fatigue strength. 

As to the boom longitudinal direction, the modifications shown in Figs. 
10A and 10B in the second embodiment may be applied in this third 
embodiment. 

The above embodiments may be combined as necessary. For example, 
the member 37 shown in Fig. 3B may be substituted by a member obtained 
by butt-welding the L-shaped members 72c and 72d shown in Fig. 7A. A 
combination of Figs. 7B and 7C is also applicable. 

As set forth above, the boom structure according to the present 
invention, which is used in a construction machine and has a generally 
rectangular section, is characterized in that it comprises a first straight 
portion, a curvilinear portion contiguous to the first straight portion, and a 
second straight portion contiguous to the curvilinear portion, in its 
longitudinal direction, and that, in at least the curvilinear portion in the 
longitudinal direction of the boom, corners positioned on at least one of the 
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upper and lower sides of the generally rectangular section are formed using 
a pipe which has a closed section. 

Thus, in the curvilinear portion wherein the fatigue strength of 
corners in the generally rectangular section comes into question, there is 
used a pipe having a closed section to form the corners, so that welded 
portions can be positioned away from the corners and it is possible to ensure 
a required strength of the base metal at the corners where a high stress is 
developed. Consequently, it is possible to improve the fatigue strength of 
the corners. Moreover, an external portion of the pipe not constituting the 
external form of the section is positioned at the inside of the section, thus 
functioning as a reinforcing member. Accordingly, it is possible to attain 
the reduction of weight in comparison with thickening the boom- 
constituting plates for reinforcement or using partition walls. That is, it is 
possible to improve the fatigue strength of the boom and attain the 
reduction of weight. 

The boom structure according to the present invention, which is used 
in a construction machine and has a generally rectangular section, is 
characterized in that it comprises a first straight portion, a curvilinear 
portion contiguous to the first straight portion, and a second straight 
portion contiguous to the curvilinear portion, in its longitudinal direction, 
that the generally rectangular section is formed substantially by butt 
welding of plural members and the four corners thereof are formed by bent 
portions of the members, and that, in at least the curvilinear portion in the 
longitudinal direction of the boom, there is provided a reinforcing member 
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so as to form a closed section conjointly with corners positioned on at least 
one of the upper and lower sides of the generally rectangular section. 

In this case, since the four corners are formed by bent portions of the 
members which constitute the generally rectangular section, the butt- 
welded portions of the members can be positioned away from the corners. 
Consequently, it is possible to ensure a required strength of the base metal 
at the corners which undergo a high stress. Since, in the curvilinear 
portion wherein fatigue strength comes into question, there is disposed a 
reinforcing member so as to form a closed section together with corners, it is 
possible to increase the second moment of area of the boom structure and 
improve the fatigue strength. Thus, in comparison with thickening the 
boom-constituting plates or using partition walls or the like, it is possible to 
ensure a sufficient fatigue strength with less material and attain the 
reduction of weight. 

Although embodiments of the present invention have been described 
above, the scope of protection of the present invention is not limited thereto. 
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